Abstract: The formation of hormogonia in the nostocalean cyanophytes/cyanobacteria Hapalosiphon fontinalis (C. Agardh) Bornet and Fischerella sp. was studied in natural populations collected from the Klin peatbog, northern Slovakia. Hormogonia were produced terminally in lateral branches of filaments (both species), or also directly on the main branches (Fischerella sp.). In contrast to vegetative filaments, hormogonia were not ramified, lacked heterocytes, were embedded in mucilaginous envelopes, were able to move, and their cells contained aerotopes. They were released by gliding through an opening in the sheath at the end of lateral branches of filaments. Released hormogonia of H. fontinalis were solitary or agglomerated into common fascicles morphologically resembling planktic colonies of Aphanizomenon flos-aquae (L.) Ralfs ex Bornet et Flahault or Dolichospermum affine (Lemmermann) Wacklin, Hoffmann et Komárek (syn. Anabaena affinis Lemmermann). Occasionally, lateral or sessile Nostochopsis-like heterocytes and apical spherical monocytes were formed on the main filaments. Hormogonia of Fischerella sp. were formed not only in apical part of lateral trichomes, but also directly on the main trichomes. Their cells were markedly larger than the vegetative cells and possessed well-developed aerotopes. Released hormogonia remained solitary, and were not agglomerated into fascicles. Apical hormogonia were released by gliding through an opening in the sheath at the end of lateral branches of filaments, and basal hormogonia were released by breaking off the main axis. In contrast to filaments of H. fontinalis which were very common and represented the dominant species of the cyanophyte communities in the locality, filaments of Fischerella sp. were observed only in one sample and for a limited period. This is the first record of a representative of the genus Fischerella in Slovakia.
Introduction
Hormogonia in the Nostocales are short sections of trichomes, separating from the original trichome after fragmentation, and used for reproductive purposes; the character of hormogonia is constant in various species (Komárek & Anagnostidis 2005) .
We investigated the development and morphology of hormogonia in two nostocalean species, viz. Hapalosiphon fontinalis (C. Agardh) Bornet et Flahault and a species probably belonging to the genus Fischerella Gomont (or Fischerellopsis Fritch?) according to the present taxonomy (Geitler 1930 (Geitler -1932 Starmach 1966; Kondrateva 1968; Anagnostidis & Komárek 1990; Whitton 2002) . Both cyanophytes were found in the same small pool of the Klin peatbog, N Orava (Fig. 1) . In contrast to H. fontinalis, which is a permanent and dominant member of the cyanophyte community in the locality, filaments of Fischerella sp. were observed during our three-year investigations only in one sample and for only a relatively very short period (about two months). No species of the genus Fischerella has been reported before in previous studies on cyanophytes from the Klin peatbog (Fott 1952; Juriš 1955; Hindák 2011 , 2012 , Hindák & Hindáková 2012 , or in monographs dealing with the cyanophyte flora of Slovakia (Lhotský et al. 1974; Hindák & Hindáková 1998; Hindák 2008) .
Material and methods
Samples were collected from the periphyton growing in the Klin peatbog (Fig. 1) Mrva & Hindák 2010; Hindák & Hindáková 2012) . Samples were taken between September 2009 and November 2011, at approximately bimonthly intervals, except during winter. The pH levels varied from 4.7 to 4.9. The studies were performed on living material immediately after sampling and later on material kept in the laboratory on a north-facing window ledge. Light microscope observations were carried out with a Leitz Diaplan microscope, and photomicrographs were taken with a Wild Photoautomat MPS45. Formaldehyde preserved material and slides are stored at the Institute of Botany SAS, Bratislava. Attempts to cultivate these organisms under laboratory conditions were unsuccessful.
Results and discussion
Hapalosiphon fontinalis (C. Agardh) Bornet (Figs 2-11) Grows as small colonies consisting of interwoven branched filaments, free or epiphytic (Fig. 2) . Filaments are true-branched, the main axis sometimes prostrate and with lateral branches more upright. Main filaments consist of one row of cells or two rows of cells when branching, (5)-6-8-(12) µm wide, with an indistinct thin, hyaline sheath, becoming yellowish or brown in old filaments; up to 1 µm wide (Fig. 3) . Lateral filaments are more or less of the same width as the main filaments, rarely notably thinner or wider (Fig. 4) . The cells are short to long cylindrical, 5-12-(30) µm in length and as wide as the filaments, barrel-shaped to oval, transforming to broadly oval before branching, up to 5 × 10 µm. Heterocytes are intercalar, cylindrical, of the same length as vegetative cells; occasionally lateral or sessile heterocytes are formed as in Nostochopsis lobatus Wood, cf. Geitler (1930 Geitler ( -1932 Geitler ( , 1960 ) and our Fig. 10 , i.e. they are attached to a vegetative cell arising from the main trichomes or directly to the main trichomes,. Sporadically spherical monocytes 6-7 µm in diameter formed at apex of branches (Fig. 11) .
Hormogonia are produced terminally in lateral branches (Fig. 4) . Entire lateral filaments or their main apical part are transformed into hormogonia, their cells are slightly bigger and with aerotopes (Fig. 5) . Hormogonia are separated from the vegetative cells mostly without forming necrotic cells and were free to move. They are released via an opening at the end of the sheath (Figs 5, 6) . Gliding hormogonia are solitary or agglomerated in common fascicles 300-500 µm in length and 140-250 µm wide, thus resembling planktic colonies of oscillatorian species Trichodesmium lacustre Klebahn or the nostocalean Aphanizomenon flos-aquae and Dolichospermum affine (Lemmermann) Wacklin, Hoffmann et Komárek = Anabaena affinis (Geitler 1930 (Geitler -1932 Starmach 1966; Kondrateva 1968; Whitton 2002; Hindák 2008 ), but without heterocytes and akinetes (Figs 7, 8) . In contrast to vegetative filaments, hormogonia in fascicles are able to move up and down, are embedded in mucilaginous envelopes, and their cells contain aerotopes.
Hormogonia are straight, without heterocytes and akinetes, with one row of cells, unbranched, 70-150 µm in length and 5-6 µm wide, with a thin hyaline mucilaginous envelope, up to 1 µm wide. The cells are regularly short cylindrical (3.5)-4-9 × 4-5-(6) µm, with aerotopes, dark greyish to brownish in colour, constricted at the cell walls, and with rounded apical cells. Hormogonia are normally formed sporadically, but were observed en masse in March 2010 in material collected from the Klin peatbog in September 2009. In April and May 2010 fascicles of hormogonia disappeared, they were transformed into solitary living vegetative trichomes with heterocytes (Fig. 9) .
Hapalosiphon fontinalis is a widely distributed species in peaty waters, commonly occurring in Sphagnum peatbogs (Geitler 1930 (Geitler -1932 . In Slovakia it was found in the peatbog Klin by Fott (1952) under the name of H. hibernicus West et G.S. West, which is according to Whitton (2002) probably identical with H. fontinalis (see also Hindák & Hindáková 2012) .
Fischerella sp. (Figs 12-21)
In a sample collected from the Klin peatbog in August 2011, we observed another nostocalean species with a specific formation of hormogonia. It was assigned to the genus Fischerella Gomont principally because similar hormogonia are found within that genus (Geitler 1930 (Geitler -1932 .
Free or epiphytic colonies consist of long truebranching filaments with prostrate main axes and many lateral more upright branches (Fig. 12) . Branches arise after the longitudinal cell division in main trichomes. The main filaments consist of one row of cells in young specimens or two or three rows in the older parts of filaments or when branching (Fig. 18) . Sheaths are hyaline, not stratified, well visible, 2-4 µm wide; mucilage envelopes are not visible. Cells are broadly oval to discoid, broader than long and forming dense masses, 12-20 × 8-15 µm, blue-green in colour. Cells in the old part of filaments are broadly oval to irregular and slightly detached to each other, up to 25 × 15 µm (Figs 15, 18 ). Heterocytes and akinetes are not observed.
Hormogonia in Fischerella sp. are formed in lateral filaments (or rarely at the apex of the main filament, Fig. 16 ) in their apical regions (Figs 13-15) , and also directly on the main trichomes (Figs 16-18) , sometimes on the same filaments (Fig. 16) . Their cells are markedly larger than the vegetative cells and with well-developed aerotopes, therefore dark brownish in colour. Apical hormogonia are up to 200 µm long, slightly widening towards the apex of the filaments, and are released by gliding through an opening at the end of sheaths (Fig. 19) , as in Hapalosiphon fontinalis (Fig. 5) . The basal hormogonia are shorter, up to 130 µm long, but more robust than apical ones. They are formed on one or two vegetative cells arising from the main trichomes (Figs 17, 18 ) or usually directly on main trichomes (Figs 16, 17) , and are broken off easily (e.g. when the sample is prepared for microscopy). They remain solitary, not joined in fascicles, and their movement is negligi-Figs 2-11. Hapalosiphon fontinalis: 2 -young vegetative filaments without heterocytes; 3 -vegetative filaments with heterocytes; 4 -formation of hormogonia in lateral branches of filaments; 5 -release of a hormogonium from the sheath of filament; 6 -empty sheaths of lateral filaments after the release of hormogonia; 7 -a fascicle with hormogonia; 8 -gliding hormogonia in a fascicle at a higher magnification; 9 -transformation of hormogonia into vegetative filaments with heterocytes; 10 -terminal heterocytes; 11 -monocytes at the end of a filament.
ble (Figs 20, 21) . Transformation of hormogonia into vegetative filaments has not been observed.
The taxonomy of the discussed group of the Nostocales is not clear (Geitler 1930 (Geitler -1932 Desikachary 1959; Starmach 1966; Kondrateva 1968; Anagnostidis & Komárek 1990; Whitton 2002) . The relationships and boundaries between the genera Hapalosiphon, Fischerella and Stigonema C. Agardh, are poorly defined. The differentiating characters used in determination keys in monographs (filaments consisting of one or more rows of cells, the width of main and lateral branches, orientation of lateral branches, cell morphology etc.) are confusing and are therefore not universally accepted. The specimens that we studied could be classified as Fischerella sp. because its hormogonia partly resemble the hormogonia in F. moniliformis Frémy (Geitler 1930 (Geitler -1932 , Figs 300, 301) = Fischerellopsis moniliforme (Frémy) Fritsch (Desikachary 1959) . The majority of the species of the genus Fischerella have been described from tropical and subtropical regions, similar to the above-mentioned species originally described by Frémy from equatorial Africa (Cameroon). Thus, it differs from populations of our species both ecologically and morphologically (lamellated sheaths, heterocytes, akinetes). Geitler (1930 Geitler ( -1932 and Starmach (1966) recognized in the genus Fischerella nine species that differ by one or several rows of cells in main filaments, morphology of hormogonia, cells and filaments. Desikachary (1959) mentioned three species of the genus, two of them from India [F. muscicola (Thuret) Gomont, F. ambigua (Nägeli) Gomont]. Kondrateva (1969) found two species in this genus in Ukraine: F. major Gomont and F. muscicola (Thuret) Gomont. Evidently, all these species are morphologically different from our investigated specimens.
Another possibility is to classify this cyanophyte in the genus Fischerellopsis Fritsch (Desikachary 1959; Anagnostidis & Komárek 1990; Komárek 1992) , but the diagnosis of that genus maked no reference to the formation of basal hormogonia. Hopefully, molecular studies (Gugger & Hoffmann 2004 ) will help to solve this taxonomic problem, and also the affinity of the related species Mastigocladus laminosus (Kaštovský & Johansen 2008 ) that has been reported in Slovakia in thermal waters at Piešťany and Sklené Teplice (Hindák & Hindáková 2006 , 2007 .
